Background--Weight regain after weight loss is common. The impact on cardiometabolic risk factors is not well established.
E xcess body weight is a major modifiable cause of morbidity and mortality. 1 Behavioral lifestyle weight loss interventions are an effective noninvasive strategy to achieve weight loss and improve cardiometabolic risk factors. [2] [3] [4] [5] Although lifestyle interventions can produce substantial weight loss and short-term health benefits, 3, 6 their rate of recidivism is high. 7, 8 Maintaining weight loss is beneficial for lowering the incidence of type 2 diabetes mellitus 3 and sustaining favorable cardiometabolic risk factors, 5, 9 and weight regain is associated with deterioration of cardiometabolic benefits associated with weight loss. 9, 10 Few studies directly compare individuals with successful weight loss maintenance (maintainers) and individuals who regained weight (regainers). A challenge in comparing successful weight loss maintainers with regainers is the lack of a standard definition of successful weight loss maintenance. 11, 12 One factor contributing to the wide range of methods used to define successful weight loss is that several approaches have been used to define successful weight loss maintenance over time. 13 In addition, several cut points have been used across studies to differentiate maintainers and regainers. We recently compared 3 different calculations and 8 cut points that have been used to differentiate maintainers and regainers. 13 Cut points derived from the different percentages overlapped according to agreement statistics. Herein, we examined cut points derived from the percentage of weight loss that is regained. Limited evidence is available comparing different cut points to define weight regain at different magnitudes with respect to clinical end points. 12, 13 Therefore, using data from the Look AHEAD (Action for Health in Diabetes) trial, the objectives of this study were to examine the difference between maintainers and regainers in cardiometabolic risk factor change from years 1 to 4 after the intensive lifestyle intervention on the basis of 5 different cut points for percentage weight loss maintained/regained and to identify a cut point differentiating maintainers and regainers that maximizes the risk difference between the 2 groups.
Methods Population
A detailed description of the design and procedures from the Look AHEAD trial has been described elsewhere. 14 Briefly, the Look AHEAD trial was a 16-site multicenter, randomized, parallel, controlled clinical trial designed to assess the association between an intensive lifestyle intervention to promote weight loss compared with standard care on cardiovascular disease risk in individuals with a body mass index >25 kg/m 2 (or >27 kg/m 2 if taking insulin) and a type 2 diabetes mellitus diagnosis. The 1-year intensive lifestyle intervention targeted %7% weight loss. Included were group support sessions, calorie and fat gram restrictions, and recommendations to use meal replacements and increase physical activity. The intervention was then altered to target weight maintenance. The 3-year maintenance phase included monthly group meetings and recommendations to use a single meal replacement per day and continue engaging in regular physical activity.
Analyses were conducted in the subset of participants from the publicly available data of the Look AHEAD trial who were assigned to the intensive lifestyle intervention group, lost ≥3% of initial body weight, and had follow-up data through the end of year 4 (n=1791). Anonymized data and materials have been made publicly available at the National Institute of Diabetes and Digestive Kidney Diseases Central Repository. 15 Individuals taking niacin or fibrates at any point from baseline to year 4 were excluded (n=230), leaving 1561 included participants ( Figure 1 ).
Cut Points to Define Maintainers and Regainers
The cut points for weight regain were calculated using body weight measurements from baseline, year 1, and year 4. Body weight was measured with a digital scale (model BWB-800; Tanita, Willowbrook, IL) by certified staff members. Weight change after the initial intensive lifestyle intervention (year 4 weightÀyear 1 weight) as a percentage of initial weight loss (initial weightÀyear 1 weight) was used to calculate percentage of weight loss regained. 7, [16] [17] [18] [19] [20] From this calculation, maintainers versus regainers were defined using 5 different cut points, with weight regain increments increasing by 25%, from 0% regain to 100% regain. Zero percent is indicative of ≤0% regain as successful weight loss maintenance (maintainers), and any regain (>0%) is not successful maintenance (regainers). The same categorization applies for 25%, 50%, 75%, and 100%. All 1561 participants were included in each of the 5 models defining maintainers versus regainers with different regain cut points. Because of the small number of individuals who successfully maintained their weight loss or continued to lose weight, these individuals were analyzed together. Sample sizes of maintainers and regainers within each sex and initial weight loss subgroup can be found in Table 1 .
Statistical Analysis
Generalized linear models were used to assess the adjusted mean difference between maintainers and regainers in change after the initial intensive lifestyle intervention from years 1 to 4 in high-density lipoprotein (HDL) cholesterol, triglyceride,
Clinical Perspective
What Is New?
• Few studies directly compare cardiometabolic risk between individuals with successful weight loss maintenance and individuals who regained weight. • The findings from this study indicate that, generally, 3 years after weight loss, people who regain their weight lost had a deterioration of cardiometabolic risk factors, whereas individuals with successful weight loss maintenance have stabilization or further improvement.
What Are the Clinical Implications?
• The relationship between cardiometabolic risk factors and weight regain varied by sex and risk factor: Men and women responded similarly to weight regain on the basis of fasting glucose and hemoglobin A1c concentrations, but differently on the basis of plasma lipid concentrations and blood pressure. • No single cut point of percentage weight loss regained was identified to maximize risk difference between individuals with successful weight loss maintenance and individuals who regained weight, but maintaining 75% of weight loss was generally beneficial. • The findings from this study emphasize the need to further investigate long-term impact of partial weight regain after a weight loss intervention given the challenge of keeping off all of weight lost.
fasting glucose, and percentage hemoglobin A1c (HbA1c) concentrations, systolic blood pressure, diastolic blood pressure, and waist circumference. The models also generated adjusted change from years 1 to 4 in maintainers and regainers separately. Models were run separately, defining maintainers versus regainers with 0%, 25%, 50%, 75%, and 100% weight loss regained. The relationships were examined separately for individuals with <10% and ≥10% weight loss in the first year and in men and women, on the basis of previous publications 13, 21 and statistically significant interactions (data not shown). The adjusted model controlled for age, hormone replacement therapy (among women), race (white/black/ other), baseline body mass index, percentage initial weight loss in first year, baseline value of each outcome, change in first year of each outcome, use of thiazolidinediones, and outcome-specific medication use (lipid and for lipid outcomes, antihypertensive medication use for blood pressure, and diabetes mellitus medication use for fasting glucose, percentage HbA1c, and waist circumference). Medication use was categorized into 4 categories based on use from baseline to year 4: always on medication, never on medication, went on medication, and went off medication. Analyses were conducted using SAS, version 9.4 (SAS Institute Inc, Cary, NC). This project has received Institutional Review Board exemption from the Tufts University Health Sciences Institutional Review Board. 
Results

Participant Characteristics
Depicted in Table 2 are participant characteristics, change in medication use from baseline to year 4, and baseline and year 1 values of cardiometabolic risk factor measures. When comparing the 2 initial weight loss subgroups (<10% and ≥10%), there were no significant differences on the basis of age, hormone replacement therapy use (among women), lipid medication use, and baseline HDL cholesterol, triglyceride, or fasting glucose concentrations for men or women ( Table 1 ). In both men and women, participants with ≥10% initial weight loss had a significantly lower proportion of participants starting on diabetes mellitus medication (3.1% versus 7.5%) and a higher proportion stopping diabetes mellitus medication (16.7% versus 3.4%) from baseline to year 4 (P<0.0001). In men only, losing ≥10% initial weight was associated with a significantly lower proportion starting antihypertensive medication (15.5% versus 7.4%) and a higher proportion stopping antihypertensive medication (7.1% versus 4.0%) from baseline to year 4 compared with those who lost <10% of initial weight (P=0.003; Table 1 ). Among men, at baseline, those with <10% initial weight loss had significantly higher HbA1c concentrations and diastolic blood pressure than those with ≥10% initial weight loss. In contrast, there were no significant differences in baseline concentrations of cardiometabolic risk factors by initial weight loss group in women. At year 1, cardiometabolic risk factors were significantly more favorable for both sexes with ≥10% initial weight loss than <10% initial weight loss.
Change in Cardiometabolic Risk Factors
Maintainers versus regainers
The adjusted mean difference between maintainers and regainers in change from years 1 to 4 in all cardiometabolic risk factors is shown in Figure 2 . An inverse linear pattern between an increase in cut point of percentage of weight loss regained and decrease in difference in cardiometabolic risk factors between maintainers and regainers was found for select risk factors and initial weight loss/sex subgroups. The linear pattern of improvement was observed in the following initial weight loss and sex subgroups: among men who lost <10% initial weight for HbA1c concentration and waist circumference ( Figure 2 ), among women who lost <10% initial weight for systolic blood pressure, among men who lost ≥10% initial weight loss for HDL cholesterol and HbA1c concentrations and diastolic blood pressure, and among women who lost ≥10% initial weight for waist circumference and HbA1c concentration ( Figure 2 ).
In some cardiometabolic risk factors, maintainers had significantly greater improvement in cardiometabolic risk factors than regainers across all or most cut points of percentage of weight lost regained, but not in a linear pattern. Significant improvements were observed for HDL cholesterol concentrations in women of both initial weight loss categories; triglyceride concentration among men of both initial weight loss categories and women who lost ≥10% initial weight; waist circumference and HbA1c concentration among women who lost <10% initial weight loss; waist circumference, triglyceride, fasting glucose, and HbA1c concentrations, and systolic blood pressure among men who lost ≥10% initial weight loss; and HDL, triglyceride, and fasting glucose concentrations and systolic blood pressure among women with ≥10% initial weight loss ( Figure 2 ). There were no significant differences in fasting glucose concentration in women with <10% initial weight loss or diastolic blood pressure in men with <10% weight loss and women with ≥10% initial weight loss ( Figure 2 ).
Change among maintainers
There were also significant changes among maintainers from years 1 to 4 in cardiometabolic risk factors using different cut points of percentage of weight lost regained ( Figure 3 ). Maintainers had no significant change in cardiometabolic risk factors or significant improvement, according to the 0% and Year 1 6.6AE0.9 6.7AE0.9 6.1AE0.7 6.3AE1.0 ‡ <0.0001 <0.0001
Continued 25% cut points of weight regain, for all cardiometabolic risk factors in all initial weight loss and sex subgroups. Among women with <10% initial weight loss, maintainers had no significant change in cardiometabolic risk factors or significant improvement across all percentage cut points of weight regain. Maintainers had significant improvement or no change in cardiometabolic risk factors across most cut points of weight loss regained (Figure 3 ). Among men who lost ≥10% initial weight, maintainers had no significant change or significant improvement to all cardiometabolic risk factors using all cut points, except for triglyceride concentrations when the 75% and 100% cut points were used and waist circumference when the 50%, 75%, and 100% cut points were used (Figure 3 ). Among women who lost ≥10% initial weight, maintainers had no significant change or significant improvement to all cardiometabolic risk factors, except waist circumference using the 75% and 100% cut points and systolic blood pressure using the 50%, 75%, and 100% cut points (Figure 3 ).
Maintainers had a significant deterioration in cardiometabolic risk factors when using the 75% and 100% cut points for select risk factors within initial weight loss and sex subgroups. Maintainers, according to the 75% and 100% cut points, had a significant increase in HbA1c concentration and systolic blood pressure among men who lost <10% initial weight, triglyceride concentrations and waist circumference among men who lost ≥10% initial weight, and systolic blood pressure and waist circumference among women who lost ≥10% initial weight (Figure 3 ).
Change among regainers
There were also significant changes among regainers from years 1 to 4 in cardiometabolic risk factors across different cut points of percentage of weight lost regained (Figure 4 ). When examining change in cardiometabolic risk factors from years 1 to 4 among regainers, a positive linear pattern was found in select risk factors and initial weight loss/sex subgroups between larger percentage of weight loss regained cut point and change in cardiometabolic risk factors in regainers. The positive linear pattern among regainers was observed among men with ≥10% initial weight loss for triglyceride and fasting glucose concentrations, systolic blood pressure, and waist circumference (Figure 4 ). In addition, the linear pattern was seen in regainers among women with ≥10% initial weight loss for fasting glucose and HbA1c concentrations, systolic blood pressure, and waist circumference ( Figure 4) .
In some cardiometabolic risk factors, regainers had a significant deterioration from years 1 to 4 using all or most cut points of percentage of weight lost regained but not in a linear pattern. Among men and women with <10% initial weight loss, regainers had a significant increase in HbA1c concentration, systolic blood pressure, and waist circumference across all or most cut points of weight regain (Figure 4 ). Women with <10% initial weight loss who were regainers also had a significant increase in fasting glucose concentration using all cut points, except 100% regain. Among men and women with ≥10% initial weight loss, regainers also had a significant increase in HbA1c concentrations using the different percentage of weight regained cut points (Figure 4 ).
For some cardiometabolic risk factors and in select initial weight loss and sex subgroups, regainers had significant adverse changes to cardiometabolic risk from years 1 to 4 but only using certain cut points of percentage of weight regained. Among men with <10% initial weight loss, regainers had a significant increase of fasting glucose using the 25%, 50%, and 75% cut points (Figure 4 ). Among men with ≥10% initial weight loss, regainers had a significant increase in HDL cholesterol when defined by 0% of weight loss regained but had a significant decrease in HDL cholesterol when all other percentages of regain cut points were used (Figure 4 ). Among women with ≥10% initial weight loss, regainers had a significant increase to HDL cholesterol only when using the 0% cut point. Regainers also had a significant increase in triglyceride concentrations only when the using 0%, 25%, or 50% cut points of percentage of weight regained and diastolic blood pressure, according to the cut points of 50%, 75%, or 100% (Figure 4 ). For select cut points and cardiometabolic risk factors, weight regain was associated with significant improvement to cardiometabolic risk. As noted previously, men and women with ≥10% initial weight loss, defined as regainers according to the 0% cut point, had a significant increase to HDL cholesterol concentrations. Among women with <10% initial weight loss, regainers had significant decreases to diastolic blood pressure using 50%, 75%, and 100% cut points ( Figure 4 ).
Difference between maintainers and regainers in HDL cholesterol (mmol/L) change from years 1 to 4 <10% Initial Weight Loss
Some cardiometabolic risk factors were unaffected by weight regain. HDL cholesterol and triglyceride concentrations were not significantly different from years 1 to 4 in regainers using any cut points of weight regain. Diastolic blood pressure was not significantly changed in regainers using any cut point among men of all weight losses (Figure 4 ).
Discussion
The findings from this study indicate that overall, 3 years after weight loss, people with type 2 diabetes mellitus who regain their weight lost had a deterioration of cardiometabolic risk factors, whereas maintainers have stabilization or further improvement. We sought to identify a weight regain cut point across both sex and both initial weight loss subgroups that maximized the cardiometabolic risk difference between maintainers and regainers but found none. The relationships varied by risk factor, sex, and initial weight loss subgroup. Among those who lost ≥10% initial weight, the results across most risk factors indicated maximal risk factor reduction among maintainers who successfully maintained 100% of the lost weight (0% regain cut point). Successfully maintaining most (≥75%) of the weight loss (25% regain cut point) was also associated with significant maintenance of improved risk factors or no significant change across all outcomes. Several risk factors exhibited a linear pattern across increasing percentage of weight loss regained cut points, whereas others showed that maintaining any amount of weight loss was significantly better than regaining weight loss across cut points, but the association did not change across cut points.
Men and women responded similarly to weight regain when assessed on the basis of fasting glucose and HbA1c concentrations, but differently on the basis of plasma lipid concentrations and blood pressure.
High rates of weight regain across lifestyle intervention programs raise the question of whether weight regain could have adverse effects on cardiometabolic risk factors after the initial weight intensive loss intervention period ended. 7, 8 This study suggests that the answer to that question is dependent on the definition used for successful weight loss maintenance, the relative amount of weight regain, and sex. Five cut point definitions were examined, and a range of cardiometabolic risk factors was evaluated. The findings of this and prior studies support the benefit of losing weight and maintaining 100% of the loss for lowering cardiometabolic risk. 3, 21, 22 However, a recent investigation comparing different criteria used to define maintainers and regainers highlighted the limitation of using the strict 0% regain cut point. 13 The strict cut point dramatically reduces the proportion of participants classified as maintainers who can be used to evaluate the outcomes. Because regaining <25% of weight lost was also beneficial across risk factors among maintainers, this cut point may be a more useful criterion to evaluate cardiometabolic risk factors and weight loss maintenance.
The pattern in which the association between postintervention change in cardiometabolic risk factors and maintaining weight or regaining weight was different by risk factor, sex, and initial weight loss subgroup. Across most risk factors, changes in association with increasing cut points of weight regain were more likely to be linear among those who lost ≥10% initial weight loss, indicating a larger benefit of keeping off more weight for those who lost the most weight; for those who lost <10% initial weight, keeping it off is better than regaining, but it appears the degree of maintaining the weight loss has little impact on cardiometabolic risk factors. Among those with <10% initial weight loss, the linear pattern with increasing cut points was significant for waist circumference and fasting glucose and HbA1c concentrations, but not for lipid concentrations or blood pressure. For most of the results, waist circumference and HbA1c concentrations showed a similar pattern of associations across initial weight loss and sex subgroups. This is likely because of an association between waist circumference and insulin resistance. 23, 24 As expected, men had a significantly larger waist circumference than women at baseline and year 1. However, there was no significant difference in the change in waist circumference over time between men and women during the initial weight loss or weight maintenance periods. Hence, it is unlikely that sex differences in waist circumference were drivers of the sex differences observed in this study.
A limitation of this study is that the effect of weight loss and regain on the incidence of cardiovascular disease outcomes could not be examined. Change in cardiometabolic risk factors cannot be extrapolated to long-term disease outcomes. Although the Look AHEAD trial is currently the largest lifestyle intervention trial in individuals with type 2 diabetes mellitus, the generalizability of these findings is limited to this subgroup. In addition, the evaluation of weight regain using body weight measurements may not reflect body fat distribution. However, body weight and waist circumference are highly correlated in the Look AHEAD trial cohort, as reported previously 25 and confirmed in the data set use for the analyses presented. Despite this correlation, in the future, it may be valuable to conduct a similar investigation using waist circumference rather than body weight. Strengths of the study are that the Look AHEAD trial resulted in a wide range of successful weight loss maintenance and magnitudes of weight regain patterns. In addition, the Look AHEAD trial was of sufficient size to allow for analyses by sex.
In conclusion, after a successful 1-year intensive lifestyleinduced weight loss intervention that resulted in beneficial changes in cardiometabolic risk factors in patients with type 2 diabetes mellitus, subsequent weight regain resulted in a deterioration of these benefits, whereas weight maintenance resulted in no significant change or significant improvement to risk factors. Responses varied across cardiometabolic risk factors, and across initial weight loss and sex subgroups. No single cut point of percentage weight loss regained was identified to maximize the risk difference between maintainers and regainers. Among maintainers, maintaining all the weight lost was the most beneficial across all risk factors, but maintaining 75% of the weight loss was also beneficial. The findings from this study emphasize the need to further investigate long-term impact of partial weight regain after a weight loss intervention given the challenge of keeping off all of weight lost.
